A framework for the efficient spectral analysis of large wind- and wave-loaded structures by Geuzaine, Margaux & Denoël, Vincent
Applied Sciences
A framework for the efficient spectral analysis 
of large wind- and wave-loaded structures
Margaux Geuzaine 
Vincent Denoël
1-6 September 2019, Beijing, China

15th International Conference on Wind Engineering
[NPRA]
The Multiple Timescale Spectral Analysis 















<latexit sha1_base64="YZOrKHzldTG4Y9Z6iMOZcpMkqPI=">AAADDHicjVFPS9xA HH1G659ta7f22EtwKdjLkixCe2hhoQc9WtpVwdhlMs5uh00yYTKRSshX8Jt48yZe/QI9FEHv9Vv4mzFC61LshCRv3u+9N/ObifNEFiYILme82bkn8wuLS62nz54vv2i/XNkuVK m5GHCVKL0bs0IkMhMDI00idnMtWBonYieefLL1nUOhC6myr+YoF/spG2dyJDkzRA3bGx/9aKQZr6JcRoqUNqiKVCrGrK6rXvRD1neCL8N8bUrxtq4m33p1qzVsd4Ju4IY/DcIG dNCMLdX+hQgHUOAokUIggyGcgKGgZw8hAuTE7aMiThOSri5Qo0XeklSCFIzYCX3HNNtr2IzmNrNwbk6rJPRqcvp4Qx5FOk3Yrua7eumSLfuv7Mpl2r0d0T9uslJiDb4T+5jvXv m/PtuLwQjvXQ+SesodY7vjTUrpTsXu3P+jK0MJOXEWH1BdE+bOeX/OvvMUrnd7tszVfzulZe2cN9oSN3aXdMHhw+ucBtu9bhh0w8/rnf6H5qoX8RqrWKP7fIc+NrGFAWWf4Ceuc O0de6femXd+J/VmGs8r/DW8i1uVBK15</latexit><latexit sha1_base64="YZOrKHzldTG4Y9Z6iMOZcpMkqPI=">AAADDHicjVFPS9xA HH1G659ta7f22EtwKdjLkixCe2hhoQc9WtpVwdhlMs5uh00yYTKRSshX8Jt48yZe/QI9FEHv9Vv4mzFC61LshCRv3u+9N/ObifNEFiYILme82bkn8wuLS62nz54vv2i/XNkuVK m5GHCVKL0bs0IkMhMDI00idnMtWBonYieefLL1nUOhC6myr+YoF/spG2dyJDkzRA3bGx/9aKQZr6JcRoqUNqiKVCrGrK6rXvRD1neCL8N8bUrxtq4m33p1qzVsd4Ju4IY/DcIG dNCMLdX+hQgHUOAokUIggyGcgKGgZw8hAuTE7aMiThOSri5Qo0XeklSCFIzYCX3HNNtr2IzmNrNwbk6rJPRqcvp4Qx5FOk3Yrua7eumSLfuv7Mpl2r0d0T9uslJiDb4T+5jvXv m/PtuLwQjvXQ+SesodY7vjTUrpTsXu3P+jK0MJOXEWH1BdE+bOeX/OvvMUrnd7tszVfzulZe2cN9oSN3aXdMHhw+ucBtu9bhh0w8/rnf6H5qoX8RqrWKP7fIc+NrGFAWWf4Ceuc O0de6femXd+J/VmGs8r/DW8i1uVBK15</latexit><latexit sha1_base64="YZOrKHzldTG4Y9Z6iMOZcpMkqPI=">AAADDHicjVFPS9xA HH1G659ta7f22EtwKdjLkixCe2hhoQc9WtpVwdhlMs5uh00yYTKRSshX8Jt48yZe/QI9FEHv9Vv4mzFC61LshCRv3u+9N/ObifNEFiYILme82bkn8wuLS62nz54vv2i/XNkuVK m5GHCVKL0bs0IkMhMDI00idnMtWBonYieefLL1nUOhC6myr+YoF/spG2dyJDkzRA3bGx/9aKQZr6JcRoqUNqiKVCrGrK6rXvRD1neCL8N8bUrxtq4m33p1qzVsd4Ju4IY/DcIG dNCMLdX+hQgHUOAokUIggyGcgKGgZw8hAuTE7aMiThOSri5Qo0XeklSCFIzYCX3HNNtr2IzmNrNwbk6rJPRqcvp4Qx5FOk3Yrua7eumSLfuv7Mpl2r0d0T9uslJiDb4T+5jvXv m/PtuLwQjvXQ+SesodY7vjTUrpTsXu3P+jK0MJOXEWH1BdE+bOeX/OvvMUrnd7tszVfzulZe2cN9oSN3aXdMHhw+ucBtu9bhh0w8/rnf6H5qoX8RqrWKP7fIc+NrGFAWWf4Ceuc O0de6femXd+J/VmGs8r/DW8i1uVBK15</latexit><latexit sha1_base64="YZOrKHzldTG4Y9Z6iMOZcpMkqPI=">AAADDHicjVFPS9xA HH1G659ta7f22EtwKdjLkixCe2hhoQc9WtpVwdhlMs5uh00yYTKRSshX8Jt48yZe/QI9FEHv9Vv4mzFC61LshCRv3u+9N/ObifNEFiYILme82bkn8wuLS62nz54vv2i/XNkuVK m5GHCVKL0bs0IkMhMDI00idnMtWBonYieefLL1nUOhC6myr+YoF/spG2dyJDkzRA3bGx/9aKQZr6JcRoqUNqiKVCrGrK6rXvRD1neCL8N8bUrxtq4m33p1qzVsd4Ju4IY/DcIG dNCMLdX+hQgHUOAokUIggyGcgKGgZw8hAuTE7aMiThOSri5Qo0XeklSCFIzYCX3HNNtr2IzmNrNwbk6rJPRqcvp4Qx5FOk3Yrua7eumSLfuv7Mpl2r0d0T9uslJiDb4T+5jvXv m/PtuLwQjvXQ+SesodY7vjTUrpTsXu3P+jK0MJOXEWH1BdE+bOeX/OvvMUrnd7tszVfzulZe2cN9oSN3aXdMHhw+ucBtu9bhh0w8/rnf6H5qoX8RqrWKP7fIc+NrGFAWWf4Ceuc O0de6femXd+J/VmGs8r/DW8i1uVBK15</latexit>
R
B
<latexit sha1 _base64="TKJ6S/DJTQiM36hzp qvodWxTEFs=">AAADB3icjVHL TttAFD2YFmhaaArLbtxGlVIJR TaqBAuQEGxYUto8pDi1xs4kGWF 7LHtcBVn5AP6EHTvElh9gS/sH 5S96ZzBS26hqZ+TxmXPvOTN3bp BGIleO833BWnzydGl55Vnt+Yv VtZf1V+udXBZZyNuhjGTWC1jOI 5HwthIq4r004ywOIt4NTg91vP uVZ7mQyWd1lvJBzMaJGImQKaL 8+oGXi3HM/OmXrT3vDU2RKJn6p RczNQmC8mQ20/Qnf9r0ZMzH7L 236Sk+VeVw9kDU/HrDaTlm2PPA rUAD1TiW9Tt4GEIiRIEYHAkU4 QgMOc0+XDhIiRugJC4jJEycY4Y aaQvK4pTBiD2ldUy7fsUmtNee uVGHdEpEX0ZKG+9IIykvI6xPs 028MM6a/Zt3aTz13c7oH1ReMbE KE2L/pXvM/F+drkVhhB1Tg6Ca UsPo6sLKpTCvom9u/1KVIoeUOI 2HFM8Ih0b5+M620eSmdv22zMR /mEzN6n1Y5Ra417ekBrt/tnMed LZartNyP35o7O9WrV7Ba7xFk/ q5jX0c4Rht8r7ALe7wzTq3Lq0 r6/oh1VqoNBv4bVg3PwFUUqoE< /latexit>
B + R
<latexit sha1_base64="CuM8tcP0KyMtWyvBmGXig8DOUm0=" >AAAC13icjVHLSsNAFD3GV62vWJdugkVwVZIi6MJFwY3LCvYhVsskjnVoXkwmUhFxJ279Abf6R+If6F94Z4zgA9EJSc6ce8+Zuff6a Sgy5brPY9b4xOTUdGmmPDs3v7BoL1XaWZLLgLeCJExk12cZD0XMW0qokHdTyVnkh7zjD3d0vHPOZSaSeF9dpPwoYoNYnIqAKaL6dqW XiUHE+qPjeo+lqUxG5b5ddWuuWc5P4BWgimI1E/sJPZwgQYAcEThiKMIhGDJ6DuHBRUrcES6Jk4SEiXNcoUzanLI4ZTBih/Qd0O6w YGPaa8/MqAM6JaRXktLBGmkSypOE9WmOiefGWbO/eV8aT323C/r7hVdErMIZsX/pPjL/q9O1KJxiy9QgqKbUMLq6oHDJTVf0zZ1PVS lySInT+ITiknBglB99dowmM7Xr3jITfzGZmtX7oMjN8apvSQP2vo/zJ2jXa55b8/Y2qo3tYtQlrGAV6zTPTTSwiyZa5D3CPR7waB1Y 19aNdfueao0VmmV8WdbdG9aVlq4=</latexit>
<latexit sha1_bas e64="9G08Hk60pWynbpnEPpAtYmY/UXc =">AAAC1HicjVHLSsNAFD3GV62vqks3wS K4KokIunBRcOOygn1AFZmMYx1MM2EyUa S6Erf+gFv9JvEP9C+8M6agFtEJSc6ce86 dufdGaSwzEwSvY974xOTUdGmmPDs3v7BY WVpuZSrXXDS5ipXuRCwTsUxE00gTi06q BetHsWhHF3s23r4UOpMqOTTXqTjus14iz yRnhqiTyuJRrJKelr1zw7RWVyeValAL3 PJHQViAKorVUJUXHOEUChw5+hBIYAjHYM jo6SJEgJS4YwyI04SkiwvcokzenFSCFI zYC/r2aNct2IT2Nmfm3JxOienV5PSxTh5 FOk3Ynua7eO4yW/a33AOX097tmv5Rkat PrME5sX/5hsr/+mwtBmfYcTVIqil1jK2O F1ly1xV7c/9LVYYypMRZfEpxTZg757DP vvNkrnbbW+bib05pWbvnhTbHu70lDTj8O c5R0NqshUEtPNiq1neLUZewijVs0Dy3Uc c+Gmi6mT/iCc9ey7vx7rz7T6k3VnhW8G 15Dx8mMJYR</latexit>
• Existence of small parameters 
• Analytical approximations 
• Controllable discrepancy 
• !  order of integration by 1
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MTSA = fast computation of response statistics
• Existence of small parameters 
• Analytical approximations 
• Controllable discrepancy 
• !  order of integration by 1
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Fully linear 
NL loading  
NL structure
1DOF & MDOF






<latexit sha1_base64="Co7sA0/KznLojV mxXrmGHIsteU0=">AAAC13icjVHLSsNAFD2N7/qqunQTLIKrkoigCxeCG5cVrFaMlGQ6rYPT JEwmopTiTtz6A271j8Q/0L/wzpiCWkQnJDlz7j1n5t4bpVJk2vNeS87Y+MTk1PRMeXZufmGx srR8nCW5YrzBEpmoZhRmXIqYN7TQkjdTxcNeJPlJdLlv4idXXGUiiY/0TcrPe2E3Fh3BQk1 Uq7IcSN7RQd8NlOhe6GDglluVqlfz7HJHgV+AKopVTyovCNBGAoYcPXDE0IQlQmT0nMGHh5S 4c/SJU4SEjXMMUCZtTlmcMkJiL+nbpd1Zwca0N56ZVTM6RdKrSOlinTQJ5SnC5jTXxnPrbN jfvPvW09zthv5R4dUjVuOC2L90w8z/6kwtGh3s2BoE1ZRaxlTHCpfcdsXc3P1SlSaHlDiD2x RXhJlVDvvsWk1maze9DW38zWYa1uxZkZvj3dySBuz/HOcoON6s+V7NP9yq7u0Wo57GKtawQf Pcxh4OUEeDvK/xiCc8O6fOrXPn3H+mOqVCs4Jvy3n4AAI1llU=</latexit>
<latexit sha1_base64="Co7sA0/KznLojV mxXrmGHIsteU0=">AAAC13icjVHLSsNAFD2N7/qqunQTLIKrkoigCxeCG5cVrFaMlGQ6rYPT JEwmopTiTtz6A271j8Q/0L/wzpiCWkQnJDlz7j1n5t4bpVJk2vNeS87Y+MTk1PRMeXZufmGx srR8nCW5YrzBEpmoZhRmXIqYN7TQkjdTxcNeJPlJdLlv4idXXGUiiY/0TcrPe2E3Fh3BQk1 Uq7IcSN7RQd8NlOhe6GDglluVqlfz7HJHgV+AKopVTyovCNBGAoYcPXDE0IQlQmT0nMGHh5S 4c/SJU4SEjXMMUCZtTlmcMkJiL+nbpd1Zwca0N56ZVTM6RdKrSOlinTQJ5SnC5jTXxnPrbN jfvPvW09zthv5R4dUjVuOC2L90w8z/6kwtGh3s2BoE1ZRaxlTHCpfcdsXc3P1SlSaHlDiD2x RXhJlVDvvsWk1maze9DW38zWYa1uxZkZvj3dySBuz/HOcoON6s+V7NP9yq7u0Wo57GKtawQf Pcxh4OUEeDvK/xiCc8O6fOrXPn3H+mOqVCs4Jvy3n4AAI1llU=</latexit>
MTSA
<latexit sha1_base64="ttlC shuj+TegZ6xJIgQR07pmeas=">AAAC4XicjVHNSsNAGJzG//pX9 aiHYBE8lUQEPXgQvHhUsLbQFNmsawwm2ZBshFJ68eZNvPoCXvVl xDfQt/DbNQW1iG5IMjvfzOx+u34ahblynNeKNTY+MTk1PVOdnZ tfWKwtLZ/mssi4aHIZyazts1xEYSKaKlSRaKeZYLEfiZZ/daDrr WuR5aFMTlQvFd2YBUl4EXKmiDqrrXksSi+Z7QWB7UlS6qC+J2MR sMFZre40HDPsUeCWoI5yHMnaCzycQ4KjQAyBBIpwBIacng5cOEi J66JPXEYoNHWBAarkLUglSMGIvaJvQLNOySY015m5cXNaJaI3I6 eNDfJI0mWE9Wq2qRcmWbO/ZfdNpt5bj/5+mRUTq3BJ7F++ofK/P t2LwgV2TQ8h9ZQaRnfHy5TCnIreuf2lK0UJKXEan1M9I8yNc3jO tvHkpnd9tszU34xSs3rOS22Bd71LumD353WOgtOthus03OPt+v 5eedXTWMU6Nuk+d7CPQxyhSdk3eMQTni1u3Vp31v2n1KqUnhV8G 9bDB1cpmyc=</latexit>
<latexit sha1_base64="ql1r fr/rsL4qvXfPhcCIXleFOW0=">AAAC4XicjVHNSsQwGJyt/+vfq kc9FBfB09KKoAcPghePCq67YEXSGNdi2pQ2FZZlL968iVdfwKu+ jPgG+hZ+iV1QF9GUtpP5Zib5kjCVUa4977XijIyOjU9MTlWnZ2 bn5msLi8e5KjIumlxJlbVDlgsZJaKpIy1FO80Ei0MpWuHVnqm3r kWWRyo50t1UnMask0QXEWeaqLPaSsBkesncQEo3UKQ0Qb1AxaLD +me1utfw7HCHgV+COspxoGovCHAOBY4CMQQSaMISDDk9J/DhISX uFD3iMkKRrQv0USVvQSpBCkbsFX07NDsp2YTmJjO3bk6rSHozcr pYI48iXUbYrObaemGTDftbds9mmr116R+WWTGxGpfE/uUbKP/rM 71oXGDb9hBRT6llTHe8TCnsqZidu1+60pSQEmfwOdUzwtw6B+fs Wk9uezdny2z9zSoNa+a81BZ4N7ukC/Z/XucwON5o+F7DP9ys7+ 6UVz2JZaxine5zC7vYxwGalH2DRzzh2eHOrXPn3H9KnUrpWcK34 Tx8AG+imzE=</latexit>
Main differences between wind and wave loadings
Su
<latexit sha1 _base64="HaALAAX0hCNCxTWef 6T9sCYh3oc=">AAACx3icjVHL SsNAFD2Nr1pfVZdugkVwVRIRd OGi4EZ3Fe0DainJdNqGpkmYTIq luPAH3OqfiX+gf+GdcQpqEZ2Q 5My595yZe6+fhEEqHec1Zy0sLi 2v5FcLa+sbm1vF7Z16GmeC8Rq Lw1g0fS/lYRDxmgxkyJuJ4N7ID 3nDH56reGPMRRrE0Y2cJLw98v pR0AuYJxV13ckKnWLJKTt62fP ANaAEs6px8QW36CIGQ4YROCJIw iE8pPS04MJBQlwbU+IEoUDHOe 5RIG1GWZwyPGKH9O3TrmXYiPbK M9VqRqeE9ApS2jggTUx5grA6z dbxTDsr9jfvqfZUd5vQ3zdeI2I lBsT+pZtl/lenapHo4VTXEFBN iWZUdcy4ZLor6ub2l6okOSTEK dyluCDMtHLWZ1trUl276q2n428 6U7Fqz0xuhnd1Sxqw+3Oc86B+ VHadsnt1XKqcmVHnsYd9HNI8T1 DBBaqokfcAj3jCs3VpxdbYuvt MtXJGs4tvy3r4AJQ+kE4=</lat exit><latexit sha1 _base64="HaALAAX0hCNCxTWef 6T9sCYh3oc=">AAACx3icjVHL SsNAFD2Nr1pfVZdugkVwVRIRd OGi4EZ3Fe0DainJdNqGpkmYTIq luPAH3OqfiX+gf+GdcQpqEZ2Q 5My595yZe6+fhEEqHec1Zy0sLi 2v5FcLa+sbm1vF7Z16GmeC8Rq Lw1g0fS/lYRDxmgxkyJuJ4N7ID 3nDH56reGPMRRrE0Y2cJLw98v pR0AuYJxV13ckKnWLJKTt62fP ANaAEs6px8QW36CIGQ4YROCJIw iE8pPS04MJBQlwbU+IEoUDHOe 5RIG1GWZwyPGKH9O3TrmXYiPbK M9VqRqeE9ApS2jggTUx5grA6z dbxTDsr9jfvqfZUd5vQ3zdeI2I lBsT+pZtl/lenapHo4VTXEFBN iWZUdcy4ZLor6ub2l6okOSTEK dyluCDMtHLWZ1trUl276q2n428 6U7Fqz0xuhnd1Sxqw+3Oc86B+ VHadsnt1XKqcmVHnsYd9HNI8T1 DBBaqokfcAj3jCs3VpxdbYuvt MtXJGs4tvy3r4AJQ+kE4=</lat exit><latexit sha1 _base64="HaALAAX0hCNCxTWef 6T9sCYh3oc=">AAACx3icjVHL SsNAFD2Nr1pfVZdugkVwVRIRd OGi4EZ3Fe0DainJdNqGpkmYTIq luPAH3OqfiX+gf+GdcQpqEZ2Q 5My595yZe6+fhEEqHec1Zy0sLi 2v5FcLa+sbm1vF7Z16GmeC8Rq Lw1g0fS/lYRDxmgxkyJuJ4N7ID 3nDH56reGPMRRrE0Y2cJLw98v pR0AuYJxV13ckKnWLJKTt62fP ANaAEs6px8QW36CIGQ4YROCJIw iE8pPS04MJBQlwbU+IEoUDHOe 5RIG1GWZwyPGKH9O3TrmXYiPbK M9VqRqeE9ApS2jggTUx5grA6z dbxTDsr9jfvqfZUd5vQ3zdeI2I lBsT+pZtl/lenapHo4VTXEFBN iWZUdcy4ZLor6ub2l6okOSTEK dyluCDMtHLWZ1trUl276q2n428 6U7Fqz0xuhnd1Sxqw+3Oc86B+ VHadsnt1XKqcmVHnsYd9HNI8T1 DBBaqokfcAj3jCs3VpxdbYuvt MtXJGs4tvy3r4AJQ+kE4=</lat exit><latexit sha1 _base64="HaALAAX0hCNCxTWef 6T9sCYh3oc=">AAACx3icjVHL SsNAFD2Nr1pfVZdugkVwVRIRd OGi4EZ3Fe0DainJdNqGpkmYTIq luPAH3OqfiX+gf+GdcQpqEZ2Q 5My595yZe6+fhEEqHec1Zy0sLi 2v5FcLa+sbm1vF7Z16GmeC8Rq Lw1g0fS/lYRDxmgxkyJuJ4N7ID 3nDH56reGPMRRrE0Y2cJLw98v pR0AuYJxV13ckKnWLJKTt62fP ANaAEs6px8QW36CIGQ4YROCJIw iE8pPS04MJBQlwbU+IEoUDHOe 5RIG1GWZwyPGKH9O3TrmXYiPbK M9VqRqeE9ApS2jggTUx5grA6z dbxTDsr9jfvqfZUd5vQ3zdeI2I lBsT+pZtl/lenapHo4VTXEFBN iWZUdcy4ZLor6ub2l6okOSTEK dyluCDMtHLWZ1trUl276q2n428 6U7Fqz0xuhnd1Sxqw+3Oc86B+ VHadsnt1XKqcmVHnsYd9HNI8T1 DBBaqokfcAj3jCs3VpxdbYuvt MtXJGs4tvy3r4AJQ+kE4=</lat exit>
for surge response
<latexit sha1_base64="r65B KDRL9rW+zKfK0n42tPeJOEs=">AAAC3nicjVHLSsNAFD2Nr1pfV VfiJliEiliSIuhCoeDGZQX7gFZrkk5raF4kE7GU4s6duPUH3Orn iH+gf+GdMQW1iE5Icubce87MvdcMHDvimvaaUiYmp6Zn0rOZuf mFxaXs8ko18uPQYhXLd/ywbhoRc2yPVbjNHVYPQma4psNqZu9Ix GtXLIxs3zvl/YCduUbXszu2ZXCiWtm1TitWD9Veq52vbMc7zbbP B9fDrfNippXNaQVNLnUc6AnIIVllP/uCJtrwYSGGCwYPnLADAxE 9DejQEBB3hgFxISFbxhmGyJA2pixGGQaxPfp2addIWI/2wjOSao tOcegNSalikzQ+5YWExWmqjMfSWbC/eQ+kp7hbn/5m4uUSy3FJ7 F+6UeZ/daIWjg72ZQ021RRIRlRnJS6x7Iq4ufqlKk4OAXECtyke ErakctRnVWoiWbvorSHjbzJTsGJvJbkx3sUtacD6z3GOg2qxoG sF/WQ3VzpIRp3GOjaQp3nuoYRjlFEh7xs84gnPyoVyq9wp95+pS irRrOLbUh4+ANoemCU=</latexit>
for buffeting response
<latexit sha1_base64="qPrf 32lUuZ7ezoAbVxnYgxxDtGI=">AAAC/nicjVHLSsNAFD3Gd31VX boZLEKlWBIRVFAQ3LhUsCrYEpJ0qqF5kcyIpRT8E3fuxK0/4FaX 4h/oX3hnjKAW0QlJzj33njNz57pJ4GfCNF8GjMGh4ZHRsfHCxO TU9Exxdu4oi2Xq8ZoXB3F64joZD/yI14QvAn6SpNwJ3YAfu+1dl T++4Gnmx9Gh6CS8ETpnkd/yPUcQZRc3W7Zk26xth6zejEVX9ipt u1muVeSKji97y3XSC/aF0UTBLpbMqqkX6wdWDkrI135cfEYdTcT wIBGCI4IgHMBBRs8pLJhIiGugS1xKyNd5jh4KpJVUxanCIbZN3z OKTnM2olh5Zlrt0S4BvSkpGZZIE1NdSljtxnReamfF/ubd1Z7qb B36u7lXSKzAObF/6T4r/6tTvQi0sKF78KmnRDOqOy93kfpW1MnZ l64EOSTEKdykfErY08rPe2Zak+ne1d06Ov+qKxWrYi+vlXhTp6 QBWz/H2Q+OVquWWbUO1ko7W/mox7CARZRpnuvYwR72USPvazzgE U/GlXFj3Bp3H6XGQK6Zx7dl3L8DS3el9g==</latexit>
Su
<latexit sha1_base64="HaAL AAX0hCNCxTWef6T9sCYh3oc=">AAACx3icjVHLSsNAFD2Nr1pfV ZdugkVwVRIRdOGi4EZ3Fe0DainJdNqGpkmYTIqluPAH3OqfiX+g f+GdcQpqEZ2Q5My595yZe6+fhEEqHec1Zy0sLi2v5FcLa+sbm1 vF7Z16GmeC8RqLw1g0fS/lYRDxmgxkyJuJ4N7ID3nDH56reGPMR RrE0Y2cJLw98vpR0AuYJxV13ckKnWLJKTt62fPANaAEs6px8QW3 6CIGQ4YROCJIwiE8pPS04MJBQlwbU+IEoUDHOe5RIG1GWZwyPGK H9O3TrmXYiPbKM9VqRqeE9ApS2jggTUx5grA6zdbxTDsr9jfvqf ZUd5vQ3zdeI2IlBsT+pZtl/lenapHo4VTXEFBNiWZUdcy4ZLor6 ub2l6okOSTEKdyluCDMtHLWZ1trUl276q2n4286U7Fqz0xuhnd1 Sxqw+3Oc86B+VHadsnt1XKqcmVHnsYd9HNI8T1DBBaqokfcAj3 jCs3VpxdbYuvtMtXJGs4tvy3r4AJQ+kE4=</latexit><latexit sha1_base64="HaAL AAX0hCNCxTWef6T9sCYh3oc=">AAACx3icjVHLSsNAFD2Nr1pfV ZdugkVwVRIRdOGi4EZ3Fe0DainJdNqGpkmYTIqluPAH3OqfiX+g f+GdcQpqEZ2Q5My595yZe6+fhEEqHec1Zy0sLi2v5FcLa+sbm1 vF7Z16GmeC8RqLw1g0fS/lYRDxmgxkyJuJ4N7ID3nDH56reGPMR RrE0Y2cJLw98vpR0AuYJxV13ckKnWLJKTt62fPANaAEs6px8QW3 6CIGQ4YROCJIwiE8pPS04MJBQlwbU+IEoUDHOe5RIG1GWZwyPGK H9O3TrmXYiPbKM9VqRqeE9ApS2jggTUx5grA6zdbxTDsr9jfvqf ZUd5vQ3zdeI2IlBsT+pZtl/lenapHo4VTXEFBNiWZUdcy4ZLor6 ub2l6okOSTEKdyluCDMtHLWZ1trUl276q2n4286U7Fqz0xuhnd1 Sxqw+3Oc86B+VHadsnt1XKqcmVHnsYd9HNI8T1DBBaqokfcAj3 jCs3VpxdbYuvtMtXJGs4tvy3r4AJQ+kE4=</latexit><latexit sha1_base64="HaAL AAX0hCNCxTWef6T9sCYh3oc=">AAACx3icjVHLSsNAFD2Nr1pfV ZdugkVwVRIRdOGi4EZ3Fe0DainJdNqGpkmYTIqluPAH3OqfiX+g f+GdcQpqEZ2Q5My595yZe6+fhEEqHec1Zy0sLi2v5FcLa+sbm1 vF7Z16GmeC8RqLw1g0fS/lYRDxmgxkyJuJ4N7ID3nDH56reGPMR RrE0Y2cJLw98vpR0AuYJxV13ckKnWLJKTt62fPANaAEs6px8QW3 6CIGQ4YROCJIwiE8pPS04MJBQlwbU+IEoUDHOe5RIG1GWZwyPGK H9O3TrmXYiPbKM9VqRqeE9ApS2jggTUx5grA6zdbxTDsr9jfvqf ZUd5vQ3zdeI2IlBsT+pZtl/lenapHo4VTXEFBNiWZUdcy4ZLor6 ub2l6okOSTEKdyluCDMtHLWZ1trUl276q2n4286U7Fqz0xuhnd1 Sxqw+3Oc86B+VHadsnt1XKqcmVHnsYd9HNI8T1DBBaqokfcAj3 jCs3VpxdbYuvtMtXJGs4tvy3r4AJQ+kE4=</latexit><latexit sha1_base64="HaAL AAX0hCNCxTWef6T9sCYh3oc=">AAACx3icjVHLSsNAFD2Nr1pfV ZdugkVwVRIRdOGi4EZ3Fe0DainJdNqGpkmYTIqluPAH3OqfiX+g f+GdcQpqEZ2Q5My595yZe6+fhEEqHec1Zy0sLi2v5FcLa+sbm1 vF7Z16GmeC8RqLw1g0fS/lYRDxmgxkyJuJ4N7ID3nDH56reGPMR RrE0Y2cJLw98vpR0AuYJxV13ckKnWLJKTt62fPANaAEs6px8QW3 6CIGQ4YROCJIwiE8pPS04MJBQlwbU+IEoUDHOe5RIG1GWZwyPGK H9O3TrmXYiPbKM9VqRqeE9ApS2jggTUx5grA6zdbxTDsr9jfvqf ZUd5vQ3zdeI2IlBsT+pZtl/lenapHo4VTXEFBNiWZUdcy4ZLor6 ub2l6okOSTEKdyluCDMtHLWZ1trUl276q2n4286U7Fqz0xuhnd1 Sxqw+3Oc86B+VHadsnt1XKqcmVHnsYd9HNI8T1DBBaqokfcAj3 jCs3VpxdbYuvtMtXJGs4tvy3r4AJQ+kE4=</latexit>
<latexit sha1_base64="94vE e5xzIF1iRgWXzq3yPboHnLk=">AAAC13icjVHLSsNAFD2Nr1pfs S7dBIvgqiRF0IWLgpsuK9iHtLUk6bSGpklIJmIp4k7c+gNu9Y/E P9C/8M50CmoRnZDkzLn3nJl7rxP5XsJN8y2jLSwuLa9kV3Nr6x ubW/p2vp6Eaeyymhv6Ydx07IT5XsBq3OM+a0Yxs0eOzxrO8FTEG 9csTrwwOOfjiHVG9iDw+p5rc6K6er5NUW5UupYxRZelrl4wi6Zc xjywFChArWqov6KNHkK4SDECQwBO2IeNhJ4WLJiIiOtgQlxMyJN xhlvkSJtSFqMMm9ghfQe0ayk2oL3wTKTapVN8emNSGtgnTUh5MW FxmiHjqXQW7G/eE+kp7jamv6O8RsRyXBH7l26W+V+dqIWjj2NZg 0c1RZIR1bnKJZVdETc3vlTFySEiTuAexWPCrlTO+mxITSJrF721 ZfxdZgpW7F2Vm+JD3JIGbP0c5zyol4qWWbTODgvlEzXqLHaxhw Oa5xHKqKCKGnnf4AnPeNEutDvtXnuYpmoZpdnBt6U9fgLdFZXc< /latexit>
<latexit sha1 _base64="94vEe5xzIF1iRgWXz q3yPboHnLk=">AAAC13icjVHL SsNAFD2Nr1pfsS7dBIvgqiRF0 IWLgpsuK9iHtLUk6bSGpklIJmI p4k7c+gNu9Y/EP9C/8M50CmoR nZDkzLn3nJl7rxP5XsJN8y2jLS wuLa9kV3Nr6xubW/p2vp6Eaey ymhv6Ydx07IT5XsBq3OM+a0Yxs 0eOzxrO8FTEG9csTrwwOOfjiH VG9iDw+p5rc6K6er5NUW5UupY xRZelrl4wi6ZcxjywFChArWqov 6KNHkK4SDECQwBO2IeNhJ4WLJ iIiOtgQlxMyJNxhlvkSJtSFqMM m9ghfQe0ayk2oL3wTKTapVN8e mNSGtgnTUh5MWFxmiHjqXQW7G/ eE+kp7jamv6O8RsRyXBH7l26W +V+dqIWjj2NZg0c1RZIR1bnKJ ZVdETc3vlTFySEiTuAexWPCrlT O+mxITSJrF721ZfxdZgpW7F2V m+JD3JIGbP0c5zyol4qWWbTODg vlEzXqLHaxhwOa5xHKqKCKGnn f4AnPeNEutDvtXnuYpmoZpdnBt 6U9fgLdFZXc</latexit>
1.   
2. Volterra-Series expansion 
3. Truncation of the series 
4. Evaluation of Volterra Frequency-Response Functions,           and 
5. Integration of the spectrums
Equivalence between time and frequency domains
[Carassale & Kareem, 2010]
<latexi t sha1_base64 ="c5OZBBj3kn Mv9wJyn+SSev7 rK6s=">AAADFn icjVHNTtwwGB xSaPlt03LkYrG qtBVilVRI9EAl pF44gtQFJMKun KxZrE3iyHFaU LTv0TfprTfEtb eKA9f+vEU/myC gCFFHScbzzYz 92XGRytIEwcWE 92Ry6umz6ZnZu fmF5y/8l692S1 XpRHQTlSq9H/ NSpDIXXSNNKvY LLXgWp2IvHn2w 9b1PQpdS5R/N aSEOMz7M5ZFMu CGq7+9EVDWsu1 KtRgNl6pMxu2L at6g3kZbDY8O 1Vp9ZVFZZv9bv g3GvzseM9zVr3 yh7uu+3gk7gB rsPwga00Ixt5f 9AhAEUElTIIJD DEE7BUdJzgBAB CuIOUROnCUlX FxhjlrwVqQQpO LEj+g5pdtCwOc 1tZuncCa2S0q vJyfCaPIp0mrB djbl65ZIt+1B2 7TLt3k7pHzdZG bEGx8Q+5rtW/ q/P9mJwhHeuB0 k9FY6x3SVNSuV Oxe6c3erKUEJ BnMUDqmvCiXNe nzNzntL1bs+Wu /pvp7SsnSeNts Ifu0u64PDf67 wPdt92wqAT7qy 1Njeaq57GEpbR pvtcxya2sI0u ZX/FJX7il/fF+ +adeedXUm+i8S zizvC+/wXZL7B d</latexit>
<latexit sha1_base64="GoJr Pyub6HSOJz9pkQYZbH401uc=">AAADEnicjVHLSsNAFD2Nr1pfV ZduokVQhJIUQRcKBTduBEWrgpWSpGMdmhfJRCwhf+GfuHMnbt2L W93oX3hnTKEqohOSnDnnnjNzZ+zQ5bEwjOeCNjQ8MjpWHC9NTE 5Nz5Rn547jIIkc1nACN4hObStmLvdZQ3DhstMwYpZnu+zE7u5I/ eSKRTEP/CPRC9m5Z3V8fsEdSxDVKu8dttKm4G6bpddZttIMPNax VrcH2VZqZllzsa+tfdVqg1qrXDGqhhr6T2DmoIJ87AflJzTRRgA HCTww+BCEXViI6TmDCQMhcedIiYsIcaUzZCiRN6EqRhUWsV36dm h2lrM+zWVmrNwOreLSG5FTxzJ5AqqLCMvVdKUnKlmyv2WnKlPur Ud/O8/yiBW4JPYvX7/yvz7Zi8AFNlUPnHoKFSO7c/KURJ2K3Lk+ 0JWghJA4idukR4Qd5eyfs648sepdnq2l9DdVKVk5d/LaBO9yl3 TB5vfr/AmOa1XTqJoH65X6Vn7VRSxgCSt0nxuoYxf7aFD2LZ7xg lftRrvT7rWHz1KtkHvm8WVojx/sjK9V</latexit>
<latexit sha1_base64="HxLz 0zR86E0NuJ0Ag9/YpqHGn78=">AAADM3icjVHLSsNAFL1Nq9b6q rp0EyxCxVKSKuhCoejGZQX7gLaEJJ3WoXmRTMRS+ln+iSDiTlzo wh9w5Z1xCq2t6IQkZ84958zcGStwaMQ07SmhJFMLi0vp5czK6t r6RnZzqxb5cWiTqu07ftiwzIg41CNVRplDGkFITNdySN3qX/B6/ ZaEEfW9azYISNs1ex7tUttkSBlZ79wYthh1OkS9G+Vbvkt6pqEX JCjtq2fqYaswITKGul4azZMeTKnma4xsTitqYqizQJcgB3JU/Ow jtKADPtgQgwsEPGCIHTAhwqcJOmgQINeGIXIhIirqBEaQQW+MKo IKE9k+fns4a0rWwznPjITbxlUcfEN0qrCHHh91IWK+mirqsUjm7 G/ZQ5HJ9zbAvyWzXGQZ3CD7l2+s/K+P98KgCyeiB4o9BYLh3dky JRanwneuTnTFMCFAjuMO1kPEtnCOz1kVnkj0zs/WFPU3oeQsn9 tSG8M73yVesP7zOmdBrVTUtaJ+dZQrn8qrTsMO7EIe7/MYynAJF ahi9gN8JpKJlHKvPCsvyuu3VElIzzZMDeXjCwKkt2A=</latexi t>
<latexit sha1_base64="h70F XJqXzGiZ3bfsBuyvgAr3rFM=">AAACynicjVHLSsNAFD2Nr1pfV ZdugkVwVRIRdOGi4MaFiwr2AbVIMp3WoWkyTCZiKe78Abf6YeIf 6F94Z0xBLaITkpw595w7c+8NZSRS7XmvBWdufmFxqbhcWlldW9 8ob2410yRTjDdYEiWqHQYpj0TMG1roiLel4sEojHgrHJ6aeOuWq 1Qk8aUeS94dBYNY9AULNFGtq0BKldxdlyte1bPLnQV+DirIVz0p v+AKPSRgyDACRwxNOEKAlJ4OfHiQxHUxIU4REjbOcY8SeTNScVI ExA7pO6BdJ2dj2pucqXUzOiWiV5HTxR55EtIpwuY018Yzm9mwv+ We2JzmbmP6h3muEbEaN8T+5Zsq/+sztWj0cWxrEFSTtIypjuVZM tsVc3P3S1WaMkjiDO5RXBFm1jnts2s9qa3d9Daw8TerNKzZs1yb 4d3ckgbs/xznLGgeVH2v6l8cVmon+aiL2MEu9mmeR6jhDHU0bJ WPeMKzc+4oZ+xMPqVOIfds49tyHj4AQAWSMQ==</latexit>
<latexit sha1_base64="jSLlj1EDLquyaYpTsH7PNANpOoU=" >AAACznicjVHLSsNAFD2Nr1pfVZdugkWom5KIoAsXBTddVrAPaEtJ0mkNTTIhmRRKKW79Abf6WeIf6F94Z5yCWkQnJDlz7jl35t7rx oGfCst6zRkrq2vrG/nNwtb2zu5ecf+gmfIs8VjD4wFP2q6TssCPWEP4ImDtOGFO6Aas5Y6vZbw1YUnq8+hWTGPWC51R5A99zxFEdWp 9u9zlIRs5p/1iyapYapnLwNagBL3qvPiCLgbg8JAhBEMEQTiAg5SeDmxYiInrYUZcQshXcYY5CuTNSMVI4RA7pu+Idh3NRrSXOVPl 9uiUgN6EnCZOyMNJlxCWp5kqnqnMkv0t90zllHeb0t/VuUJiBe6I/cu3UP7XJ2sRGOJS1eBTTbFiZHWezpKprsibm1+qEpQhJk7iAc UTwp5yLvpsKk+qape9dVT8TSklK/ee1mZ4l7ekAds/x7kMmmcV26rYN+el6pUedR5HOEaZ5nmBKmqoo6E6/ognPBt1Y2LMjftPqZHT nkN8W8bDB0kbkvE=</latexit> <latexit sha1_base64="jNGs9OIAJVY/vfl3WrTaCTgZV3g=" >AAAC23icjVHLSsNAFD2Nr1pfVcGNm2ARKkhJiqALFwU3XVawD2hLSdJpDc2LZCKU6sqduPUH3Or/iH+gf+GdcQpqEZ2Q5My595yZe 68deW7CDeM1o83NLywuZZdzK6tr6xv5za1GEqaxw+pO6IVxy7YS5rkBq3OXe6wVxczybY817dGZiDevWJy4YXDBxxHr+tYwcAeuY3G ievmdaq9c7IQ+G1o981CB8kEvXzBKhlz6LDAVKECtWph/QQd9hHCQwgdDAE7Yg4WEnjZMGIiI62JCXEzIlXGGG+RIm1IWowyL2BF9 h7RrKzagvfBMpNqhUzx6Y1Lq2CdNSHkxYXGaLuOpdBbsb94T6SnuNqa/rbx8Yjkuif1LN838r07UwjHAiazBpZoiyYjqHOWSyq6Im+ tfquLkEBEncJ/iMWFHKqd91qUmkbWL3loy/iYzBSv2jspN8S5uSQM2f45zFjTKJdMomedHhcqpGnUWu9hDkeZ5jAqqqKFO3td4xBOe ta52q91p95+pWkZptvFtaQ8fgbCXQw==</latexit>
Variance of the surge response of a 1-DOF structure
<l ate xit  sha 1_b ase 64= "P8 mm7U yy9 sgQ ck3 4dB v/u I9mG RU= ">A AAC 4Hi cjV HLSs NAF D2N 7/q quu wmWI S6K YkI unA huH GpY B9gt STp NB2 aF5 OJU KwLd +7E rT/ gVr 9G/ AP9 C++M Kfh AdE KSM +fe c2b uvW4 S8F Ra1 kvB mJi cmp6 ZnS vOL ywu LZd WVh tpnA mP1 b04 iEX LdV IW8I jVJ ZcB ayW COa Ebs KY7O FDx 5gU TKY +jE zlM 2Fno +BH vcc +RR HVK 5XbA enJ 02L Gr7 Thk vrP ZFtz vy9 H5V rFT qlg 1Sy /zJ7 BzU EG+ juL SM9 roIo aHD CEY Ikj CAR yk9 JzCh oWE uDN cEi cIc R1nu EKR tBl lMc pwi B3Q 16fd ac5 GtF eeq VZ7 dEp AryC liQ 3Sx JQn CKv TTB3 PtL Nif /O+ 1J7 qbk P6u7 lXS KxE n9i /dO PM/+ pUL RI9 7Oo aON WUa EZV5 +Uu me6 Kur n5q SpJ Dglx Cnc pLg h7W jnu s6k1 qa5 d9d bR8 Ved qVi 19/L cDG /ql jRg +/s 4f4L GVs 22a vbx dmV /Lx /1LM pYR 5Xm uYN 9HO IId fK+x gMe 8WS 4xo 1xa 9x9p BqF XLO GL8 u4f wcZ y5nV </l ate xit >
Inertial response only
<lat exit s ha1_ba se64="n OOVexs cmTqzh ix7qOgy VusfUG Q=">AAA Cz3icj VHLSsN AFD2Nr1 pfVZdu gkWom5 KIoAsXB TcuW7Q PaEtJ0 mkdzItk opSiuP UH3Opf iX+gf+G dcQpqE Z2Q5My5 95yZe6 8b+zwV lvWaM+b mFxaX8 suFldW 19Y3i5l YzjbLE Yw0v8q Ok7Top8 3nIGoI Ln7Xjh DmB67OW e3Uq46 1rlqQ8C i/EOGa 9wBmFf Mg9RxDV Pe9n5W 4UsJGz X+gXS1b FUsucB bYGJeh Vi4ov6G KACB4y BGAIIQ j7cJDS0 4ENCzF xPUyISw hxFWe4 RYG0GW UxynCIv aLviHY dzYa0l 56pUnt0 ik9vQk oTe6SJ KC8hLE8 zVTxTz pL9zXu iPOXdxv R3tVdA rMAlsX/ pppn/1 claBIY 4VjVwqi lWjKzO 0y6Z6o q8ufmlK kEOMXE SDyieE PaUctpn U2lSVb vsraPi bypTsnL v6dwM7 /KWNGD7 5zhnQf OgYlsV u35Yqp7 oUeexg 12UaZ5 HqOIMNT TIO8Yj nvBs1I 0b4864/ 0w1clq zjW/Le PgASMmT VA==</ latexit >
1st order response
<latexit sha1_base64="0Zi7 wm6UbhAcu4G/KUNfQRNRu04=">AAADCnicjVHLTttAFD2Ytjz6C rBk4zaqlG4iO6oEC5CQUCWWIBqIFKeW7UySUcYPjccIZPIH/El3 7BDb/kBXCPiB8hfcmTpV26hqx7J95tx7zsy9N8wEz5Xj3M5Z80 +ePltYXFp+/uLlq9e1ldWjPC1kxNpRKlLZCYOcCZ6wtuJKsE4mW RCHgh2H410dPz5hMudp8kmdZawXB8OED3gUKKL82sdDv/QUF31m n/ruxHvT8NKYDYP3255gA3W+55fuZMp5kg9H6vxz2ZrYpCt+Bvx a3Wk6ZtmzwK1AHdXaT2s38NBHiggFYjAkUIQFAuT0dOHCQUZcDy VxkhA3cYYJlklbUBajjIDYMX2HtOtWbEJ77ZkbdUSnCHolKW28I 01KeZKwPs028cI4a/Zv3qXx1Hc7o39YecXEKoyI/Zdumvm/Ol2L wgCbpgZONWWG0dVFlUthuqJvbv9SlSKHjDiN+xSXhCOjnPbZNp rc1K57G5j4d5OpWb2PqtwCD/qWNGD3z3HOgqNW03Wa7sGH+s5WN epFrOMtGjTPDexgD/tok/cXfMMd7q0L69K6sq5/pFpzlWYNvy3r 6yMd9qsE</latexit>
<latexit sha1_base64="sZ9j5e5j0sceizlQuayWXyU6uVg=" >AAADCnicjVHLTttAFD2YtqT0QUqX3ZhGlegmshESLFhEqpBYBtEAEqbWeDJJR7E91niMiKz8Qf+kO3ao2/5AV6jlB+hfcGdwpLaoa seyfe6595yZOzcpUlmaIPi+4C0+ePhoqfV4+cnTZ89X2i9WD0tVaS4GXKVKHyesFKnMxcBIk4rjQguWJak4SibvbP7oTOhSqvy9mRb iNGPjXI4kZ4aouL17ENeRkelQ+OdxOIvW1iOViTF7G7Gi0Oo8GmnG62hCEYuzDxuz+i5P6CCu5sVxuxN0A7f8+yBsQAfN6qv2FSIM ocBRIYNADkM4BUNJzwlCBCiIO0VNnCYkXV5ghmXSVlQlqIIRO6HvmKKThs0ptp6lU3PaJaVXk9LHG9IoqtOE7W6+y1fO2bJ/866dpz 3blP5J45URa/CR2H/p5pX/q7O9GIyw7XqQ1FPhGNsdb1wqdyv25P4vXRlyKIizeEh5TZg75fyefacpXe/2bpnL37hKy9qYN7UVftpT 0oDDP8d5HxxudMOgG+5vdno7zahbeIXXWKd5bqGHPfQxIO/P+IYfuPY+eRfepfflrtRbaDQv8dvyvt4C+G6rwA==</latexit>
<latexit sha1_base64="roAiaYcCCsuajLSGFe3Pi+kGr44=" >AAAC23icjVHLSsNAFD2Nr1pfVcGNm2AR6qYkIujCRcGNy4r2AW0pSTqtQ/MimYilduVO3PoDbvV/xD/Qv/DOmIJaRCckOXPuPWfm3 muHLo+FYbxmtJnZufmF7GJuaXlldS2/vlGLgyRyWNUJ3CBq2FbMXO6zquDCZY0wYpZnu6xuD05kvH7FopgH/oUYhqztWX2f97hjCaI 6+a3zzqgluNtl+nXHHBdbgcf61l4nXzBKhlr6NDBTUEC6KkH+BS10EcBBAg8MPgRhFxZiepowYSAkro0RcREhruIMY+RIm1AWowyL 2AF9+7RrpqxPe+kZK7VDp7j0RqTUsUuagPIiwvI0XcUT5SzZ37xHylPebUh/O/XyiBW4JPYv3STzvzpZi0APR6oGTjWFipHVOalLor oib65/qUqQQ0icxF2KR4QdpZz0WVeaWNUue2up+JvKlKzcO2lugnd5Sxqw+XOc06C2XzKNknl2UCgfp6POYhs7KNI8D1HGKSqokvcN HvGEZ62t3Wp32v1nqpZJNZv4trSHDznvl/g=</latexit>
Variance of the surge response of a 1-DOF structure
[Denoël, 2015]
2nd order response
<latexit sha1_base64="17Zd Tfu8fYw2zyiwbQ6f7oCeiIQ=">AAADinicjVFdT9RAFL2lqAioi z76MrgxgaibtjERoyYk8sAjoAvELTbT2dndCdOPTKdGUvrz/A3G f6D/gjuzQ0AbA9O0PXPuOXfunZuWUlQ6CH55C/7inbv3lu4vr6 w+ePiot/b4sCpqxfiQFbJQxymtuBQ5H2qhJT8uFadZKvlRevrRx I++cVWJIv+sz0p+ktFpLiaCUY1U0vvxKWliLeSYk+9J1G7ERcan dPNDFK/H6yQWucZ4RvUsTZuDto0ln+jz3aSJ5tDpkyZsX5I5fnV FxUpMZ3pz/jv/iiaCx9Udq9N1g91cxBajsmbckqtg0usHg8Au0g WhA31wa6/o/YQYxlAAgxoy4JCDRiyBQoXPCEIIoETuBBrkFCJh4 xxaWEZvjSqOCorsKX6nuBs5Nse9yVlZN8NTJL4KnQSeo6dAnUJs TiM2XtvMhv1f7sbmNLWd4T91uTJkNcyQvcl3qbytz/SiYQJbtg eBPZWWMd0xl6W2t2IqJ9e60pihRM7gMcYVYmadl/dMrKeyvZu7p Tb+2yoNa/bMaWv4Y6rEAYf/jrMLDqNBGAzC/df97fdu1EvwFJ7B Bs7zDWzDLuzBEJj3wtv3vngjf9WP/Lf+u7l0wXOeJ/DX8ncuAML Q18s=</latexit>
Variance of the surge response of a 1-DOF structure
2nd order response
1st order response




1st + 2nd order response
<latexit sha1_base64="2DkuRLecKBwEraRmOeRuQv2wCXM=" >AAADAnicjVHLSsNAFD3G97vq0k20CK5KUgRdWCi4cVnBasFomaRjHZoXyUQspTv/xJ07cesPuNWF+Af6F94ZU/GB6IQk9557zpm5c 93YF6m0rOchY3hkdGx8YnJqemZ2br6wsHiQRlni8boX+VHScFnKfRHyuhTS54044SxwfX7odnZU/fCcJ6mIwn3ZjflxwNqhOBUekwQ 1CxUnFe2ANXuOFH6LmxdNu3/SK/crTofFMeGBTs0Pmgils+KsZBpuFopWydLL/BnYeVBEvmpR4QkOWojgIUMAjhCSYh8MKT1HsGEh JuwYPcISioSuc/QxRdqMWJwYjNAOfduUHeVoSLnyTLXao118ehNSmlgjTUS8hGK1m6nrmXZW6G/ePe2pztalv5t7BYRKnBH6l27A/K 9O9SJxii3dg6CeYo2o7rzcJdO3ok5ufupKkkNMmIpbVE8o9rRycM+m1qS6d3W3TNdfNFOhKvdyboZXdUoasP19nD+Dg3LJtkr23kax up2PegLLWMU6zXMTVeyihjp5X+EeD3g0Lo1r48a4facaQ7lmCV+WcfcG/q6o3g==</latexit>
<latexit sha1_base64="b6lCnoQYmaZfCE2WgIixbg3mzPw=" >AAADCnicjVHLSsNAFD2N7/qKunQTLIIglKQIulAoiOBSwWrBakjSsQ7mRTIRS+gf+Cfu3Ilbf8CVqD+gf+GdMQW1iE5Icubce87Mv deNfZ4K03wuaUPDI6Nj4xPlyanpmVl9bv4wjbLEYw0v8qOk6Top83nIGoILnzXjhDmB67Mj92Jbxo8uWZLyKDwQ3ZidBE4n5GfccwR Rtr7TSnkncOy8JbjfZsZV7zSv9bZ+sral+NUBvqZ4W6+YVVMtYxBYBaigWHuR/oQW2ojgIUMAhhCCsA8HKT3HsGAiJu4EOXEJIa7i DD2USZtRFqMMh9gL+nZod1ywIe2lZ6rUHp3i05uQ0sAyaSLKSwjL0wwVz5SzZH/zzpWnvFuX/m7hFRArcE7sX7p+5n91shaBM2yoGj jVFCtGVucVLpnqiry58aUqQQ4xcRK3KZ4Q9pSy32dDaVJVu+yto+JvKlOycu8VuRne5S1pwNbPcQ6Cw1rVMqvW/lqlvlmMehyLWMIK zXMddexiDw3yvsEjXvCqXWu32p12/5mqlQrNAr4t7eEDgBesVw==</latexit>
<latexit sha1_base64="RCJsk8CbVSnCvrJPzyyG39Z9Quk=" >AAADTXicjVFdaxQxFL0zVVvr1/rxJsrgImwRl5lSaB8UCr74WNFtC007ZLLZadj5CElGWkLe/Xc+lv6D9sU330S8iVNQF9Esmzk59 56Te3MLWQlt0vQ8ipeuXb+xvHJz9dbtO3fvDe4/2NVtpxifsLZq1X5BNa9EwydGmIrvS8VpXVR8r5i/8fG9j1xp0TYfzKnkhzUtGzE TjBqk8sEnokVZ09wSI6optycut+vOHeH2mnroEan4zIyyl2ROpUS2dkSJ8tisHdkNlyRkpiizRIqEtHiXL8WStuYlde9z23kHN1oI rTlLTkSuX/idunwwTMdpWMkiyHowhH7ttIMzIDCFFhh0UAOHBgziCiho/B1ABilI5A7BIqcQiRDn4GAVtR1mccygyM5xL/F00LMNnr 2nDmqGt1T4V6hM4DlqWsxTiP1tSYh3wdmzf/O2wdPXdorfoveqkTVwjOy/dFeZ/6vzvRiYwVboQWBPMjC+O9a7dOFVfOXJL10ZdJDI eTzFuELMgvLqnZOg0aF3/7Y0xC9Cpmf9mfW5HVz6KnHA2Z/jXAS76+MsHWfvNobbr/pRr8BjeAYjnOcmbMNb2IEJen+JHkVPoqfx5/ hr/C3+/jM1jnrNQ/htLS3/AOsbxak=</latexit>
<latexi t sha1_base64 ="caGm3DbXLy 22RVVh7rt5vC7 L6sM=">AAAC2H icjVHLSsNAFD 3GV62vapduBos gCCUpgi4UCm5c VrAPbEtJ0mkdm iYhmYilCO7Er T/gVr9I/AP9C+ +MKahFdEJmzpx 7z5m5c53QE7E 0zdcZY3ZufmEx s5RdXlldW89tb NbiIIlcXnUDL4 gajh1zT/i8Ko X0eCOMuD10PF5 3BicqXr/iUSwC /1yOQt4e2n1f 9IRrS6I6uXzrW nRitsfUarNjZh ZLnVzBLJp6sGl gpaCAdFSC3At a6CKAiwRDcPiQ hD3YiOlrwoKJk Lg2xsRFhISOc 9wgS9qEsjhl2M QOaO7TrpmyPu2 VZ6zVLp3i0R+R kmGHNAHlRYTV aUzHE+2s2N+8x 9pT3W1Eq5N6DY mVuCT2L90k87 86VYtED4e6BkE 1hZpR1bmpS6Jf Rd2cfalKkkNIn MJdikeEXa2cv DPTmljXrt7W1v E3nalYtXfT3AT v6pbUYOtnO6d BrVS0zKJ1tl8o H6WtzmAL29ilf h6gjFNUUCXvER 7xhGfjwrg17o z7z1RjJtXk8W0 YDx/ajpVo</la texit>
Skewness of the surge response of a 1-DOF structure
DITCH
CREST
<latexi t sha1_base64 ="EupkT4ueDg 6Wa3Z1c2hRVjq cFp8=">AAADCH icjVHLSsNAFD 3GV62vqks3wSI oSElKQZeFbrqs Ym2hLSGJYw0mm ZBMhFL8Af/En Ttx6w+41P6B/o V3xrRURXRCknv PPefM3LlO5Hu JMIzRjDY7N7+w mFvKL6+srq0XN jbPEp7GLmu63O dx27ET5nshaw pP+KwdxcwOHJ+ 1nKuarLeuWZx4 PDwVg4j1Arsf eheeawuCrEKte 8I6et0y97o8YH 3bMvens/K+3uW kl/bDulW+mdA OJoyeVSgaJUMt /WdgZkER2Wrww gu6OAeHixQBG EIIin3YSOjpwI SBiLAehoTFFHm qznCDPGlTYjFi 2IRe0bdPWSdD Q8qlZ6LULu3i0 xuTUscuaTjxYo rlbrqqp8pZor 95D5WnPNuA/k7 mFRAqcEnoX7ox 87862YvABY5UD x71FClEdudmL qm6FXlyfaorQQ 4RYTI+p3pMsau U43vWlSZRvcu 7tVX9TTElKnM3 46Z4l6ekAZvfx /kzOCuXTKNkHl eK1Uo26hy2sY M9muchqqijgSZ 53+EZrxhpt9q9 9qA9flK1mUyz hS9Le/oAqUmoH Q==</latexit>
<latexit sha1_base64="gxpE X3BTXdHziplqLy46/wCuKXM=">AAAC33icjVHLSsNAFD2Nr1pfV Xe6CRah3ZSkFHRZcOOyon1AW8okndZgXiQToRTBnTtx6w+41b8R /0D/wjtjCtUiOiHJuefec2buXCt0nVgYxltGW1hcWl7JrubW1j c2t/LbO804SCKbN+zADaK2xWLuOj5vCEe4vB1GnHmWy1vW1YnMt 655FDuBfyHGIe95bOQ7Q8dmgqh+fu+8nxS7gcdHrG+WZoJKqZ8v GGVDLX0emCkoIF31IP+KLgYIYCOBBw4fgrALhpieDkwYCInrYUJ cRMhReY4b5EibUBWnCkbsFX1HFHVS1qdYesZKbdMuLr0RKXUcki aguoiw3E1X+UQ5S/Y374nylGcb099KvTxiBS6J/Us3rfyvTvYiM MSx6sGhnkLFyO7s1CVRtyJPrs90JcghJE7iAeUjwrZSTu9ZV5pY 9S7vlqn8u6qUrIzttDbBhzwlDdj8Oc550KyUTaNsnlULtWo66i z2cYAizfMINZyijgZ53+IJz3jRmHan3WsPX6VaJtXs4tvSHj8BC u+Y/Q==</latexit>
<latexit sha1_base64="umE+Rj9rO3sHusyoA523+WcRbq0=" >AAAC6nicjVHLSsNAFD2Nr1pfVZdugkVQkJIUQZdFNy4VrC1YCUk61sHJg2QiSukXuHMnbv0Bt/oh4h/oX3hnHMEHohOSnDn3njNz7 w1SwXPpOM8la2R0bHyiPFmZmp6ZnavOLxzmSZGFrBUmIsk6gZ8zwWPWklwK1kkz5keBYO3gbEfF2+csy3kSH8jLlB1Hfj/mJzz0JVF edWXbG3QlFz1mX3gD120Mh6vdJGJ933PXDWisedWaU3f0sn8C14AazNpLqk/ooocEIQpEYIghCQv4yOk5ggsHKXHHGBCXEeI6zjBE hbQFZTHK8Ik9o2+fdkeGjWmvPHOtDukUQW9GShsrpEkoLyOsTrN1vNDOiv3Ne6A91d0u6R8Yr4hYiVNi/9J9ZP5Xp2qROMGWroFTTa lmVHWhcSl0V9TN7U9VSXJIiVO4R/GMcKiVH322tSbXtave+jr+ojMVq/ahyS3wqm5JA3a/j/MnOGzUXafu7m/Umhtm1GUsYRmrNM9N NLGLPbTI+wr3eMCjJaxr68a6fU+1SkaziC/LunsD476dgg==</latexit>
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Skewness of the surge response of a 1-DOF structure




10 % error but no time saving… yet !
Conclusions and perspectives
MTSA is a powerful tool : 
- Meaningful analytical approximations 
- Large reduction of CPU time 
- Small loss of accuracy 
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